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Abstract

Background: Electrocautery and Argon Plasma Coagulation (APC) are modes of thermal tissue destruction frequently recognized as a less expensive alternative to
laser therapy. However, there are certain safety challenges concerning the use of electrosurgery and burns are the most common. According data found in the literature,
burns have accounted for 70% of the injuries during use of electrocautery. The risk of complications is often linked to the surgeon's fundamental knowledge of instruments,
surgical technique, safe technical equipment, etc. This study is focusing on sparking enhanced burns as a complication of monopolar electrocautery.

Methods: The onset of sparking between cylinder-cone electrode arrangement has been studied by using software package COMSOL based on the multi-component
plasma fluid model. The primary goal was to determine location where sparking starts as one of the extremely important factors for the formation of burns during

electrocautery.

Results: Upon applying voltage, electrons are accelerated by the electric field and multiplied in cascade ionization leading to breakdown and consequently to sparking.
For cylinder-cone electrode configuration, sparking occurs on the cone tip. Also, electrical sparks do not occur equally in both directions between active and passive

electrodes bringing electrical asymmetries into consideration.

Conclusion: Results, presented here, can be very useful both for developing new instrument designs and surgeon's better understanding the effect of sparking on the

human body in order to prevent complications of electrocautery procedures.

Background

The term electrocautery refers to procedure based on using
the heat from an electric current to obtain a desired clinical
effects [1-3]. The current density required for this procedure
is realized by short electric sparks which take place at peak
voltages of around 200 V between the electrode and tissue.
Once gas is released through the catheter tip, it is ignited
through electrical current and an arc is formed leading to the
heat destruction and desiccation of the tissue [4]. Although
electrocautery had been used for decades, mechanism of burns
is poorly understood even in the present day representing
an active area of research. Therefore, studies of breakdown
enhanced burns can be critically important in clinician
understanding what medical and surgical problems may be
expected [5].

Cautery can be operated in a monopolar or bipolar
configurations [6]. In monopolar configuration, the current
passes from the active electrode through the tissue to a
dispersive electrode as illustrated in Figure 1. The characteristics
of the current flow affect the depth, speed and degree of
tissue heating and determine the tissue results [7]. The main
mechanism responsible for burns during electrosurgery is the
electrical breakdown. Since there has never been a report of
a fire with bipolar electrocautery, this study is referring to
the mechanism that leads to burns in the use of monopolar
electrocautery Figure 1.

The main mechanism beyond skin burns during
electrocautery is the electrical breakdown of a gas producing
a conductive channel of ionized gas through which a current
passes [8]. The electrode shape, surface conditions and
variety of involved processes objectively stipulate a number of
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Figure 1: An electrosurgery circuit. Current flows through the tissue, generating heat
within the tissue.

factors which may cause sparking during electrocautery and
consequently severe burns. For estimating the effect of various
factors computer modeling and simulations have proven to be
very powerful tools that complement laboratory experiments
and analytic models with a wide range of applications including
medicine [9]. In this study, sparking between the cylinder-cone
electrode configuration has been modeled by using software
package COMSOL [10].

Method

The onset of the sparking during alectrocautery has
been studied using software package COMSOL based on the
multi-component plasma fluid model described in details
in numerous publications [11-13]. COMSOL Multiphysics
modeling environment includes all of the functionality of
the Direct Current (DC) discharge and Capacitively Coupled Plasma
(CCP) interfaces. One of the most important steps in finite
element calculations is the meshing i.e. volume separation into
a number of smaller elements affecting the computational time
and accuracy of the obtained results [14]. Since studied systems
have axial symmetry, we have used triangular mesh an extra
fine element size as a quick and simple way to obtain meshes
of high element quality that cover almost the whole geometry.
For boundaries, however, 4-layers of qudrilateral elements are
used. Calculations were performed for argon discharges with
the focus on determination of the locations where sparking
stars as very important factor in generation of the electrical
burns during monopolar electrosurgery.

Results

The electric potential at the initial time (without plasma) in
the case of cylinder-cone electrode arrangements are displayed
in Figure 2. Upon applying voltage, electron density starts
to change results in sparking on the cone tip as illustrated
in Figures 3a,b shows temperature distribution between
the electrodes at the bringing of sparking. Locations where
sparking takes place in the case of the positive and negative
cycles are illustrated in Figure 4. In both cases, electric field
is neither uniform nor symmetrical and not affected by the
presence of an organic tissue as concluded in ref. [15].
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Figure 2: Electrical potential at the initial time (t=0) for the electrode arrangements
composed of cylinder-cone electrodes.

Figure 3: a) The electron density and b) temperature between the cylinder-cone
electrodes at the moment of the onset of sparking.

Figure 4: Sparking occuring between spherical metallic electrode and the metal
plate which is: a) positive and b) negative.

Conclusions

This paper is dealing with electrosurgical spark as a
main mechanism responsible for the delivery of energy to
the tissue causing burns. Studies were accomplished using
multi-component fluid model solved by the finite element
method and implemented in the COMSOL softwer package.
It was shown that the electrical sparks appear on the cone
tip. Furthermore, sparking does not occur equally in both
directions between active and passive electrodes introducing
electrical asymmetries a consequence of the non symmetry
of the electric field generated between them. Analysis of the
obtained simulation results allow us to conclude that it is easier
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to produce a spark when the spherical electrode is negatively
polarized. Small contact areas between the electrode and tissue
generate quick, intense heating due to the high current density.
On the other hand, the same power and larger contact areas
lead to slower and weaker heating. Since the asymmetry is the
cause of undesirable DC burns and the conformity process does
not consider the sparking phenomena, the certification process
at this class of equipment have to be improved. Actually, results
presented here, could be very useful for in understanding the
offset of skin burns needed to ensure patient safety.
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